ABSTRACT: Benchmarking is a critical activity in Web site development and has been employed for requirement analysis in a variety of Web site renewal and development projects. By comparing their current Web site with competitors' cutting-edge sites, managers can attain improvement in quality. Despite the importance and popularity of benchmarking, however, the literature sheds little light on the incorporation of its techniques into Web site improvement methodologies. This paper proposes a benchmarking-based requirement analysis methodology coupled with a goal-driven approach. The methodology works through three phases-elicitation, analysis, and specifi cation-to seamlessly link business requirements to implementation details. Use cases are employed to capture functional requirements. Web sites are investigated in terms of usability to sharpen nonfunctional requirements. The usefulness of the methodology is demonstrated by applying it to improve a real-life Web site.
Web-based systems have deeply penetrated life in the last decade. In the Internet environment, the Web sites of contemporary fi rms have become an increasingly important means of interacting with customers and shareholders [43, 48] . In the continuing quest for business growth, many companies are turning to Web technology because of its potential for innovation. A Web site has become a critical instrument with which to achieve business success.
The Web environment is competitive and dynamic [71] . Almost all of the world's companies have Web sites, extensively connected with each other through hyperlinks. Consequently, visitors who are dissatisfi ed with one Web site can jump instantly to another Web site with little or no switching cost [45] . Due to the competitive nature of the Web, it is particularly imperative for fi rms not only to build attractive Web sites but also to improve their Web sites by rapidly refl ecting the ever-changing business environment and customer needs [54, 60, 63] . As the literature shows, a superior Web site that adequately supports customer experience is associated with higher fi rm performance [58] . This paper posits that benchmarking can be an effective way to improve a Web site because it takes advantage of Web site accessibility. Accessibility is one of the most distinct features that differentiate Web-based systems from other information systems. Most Web sites are built to be accessible by any kind of user. This accessibility helps facilitate Web site benchmarking, because Web site developers can take a close look at competitors' Web sites at little cost as long as the Web sites do not require any access privileges. By comparing the services and features of their current Web site with those of their competitors' top-performing Web sites, and by identifying the strengths and weaknesses of each, Web site developers can improve the current Web site in a timely manner with little cost and effort. For this reason, benchmarking is conceived in practice as a critical activity in Web site development and thus is frequently adopted for requirement analysis in many Web site renewal and development projects.
Despite its importance, however, previous studies have shed little light on the use of benchmarking in Web site development. So far as can be determined, there has been no research to guide benchmarking activities in Web site development and improvement. Although a few studies have dealt with Web site benchmarking [7, 39, 49] , they do not specifi cally address methods of developing or improving Web sites based on benchmarking results.
From this motivation, the present paper proposes a benchmarking-based methodology for improving Web sites for eliciting and analyzing requirements. The proposed improvement methodology is based on the Design Science Research Methodology suggested by Peffers et al., which consists of six activities [57] . The problem addressed here (Activity 1) is to incorporate benchmarking into an improvement process in a systematic way. The primary objective is to suggest a way to improve a Web site, but the specifi c focus is on formalizing the process of eliciting and analyzing improvement requirements for the current Web site (Activity 2) [33, 38] .
An artifact proposed to accomplish the stated objective is a requirement analysis methodology based on benchmarking (Activity 3). The proposed methodology is both fl exible and concrete enough to complement other methodologies encompassing the entire development process. The methodology elicits improvement requirements by employing a goal-driven requirement analysis technique that can capture users' requirements in a natural manner [38] . It adopts "use case" because it offers a systematic means for capturing functional requirements [35] . It also enables the proposed methodology to be straightforwardly incorporated with various object-oriented softwaredevelopment methodologies, such as Unifi ed Modeling Language (UML) [10] . In addition, the methodology analyzes the nonfunctional requirements to enhance the usability of Web sites.
Benchmarking and Web Site Improvement
Before the proposed methodology is explained in detail, it is worthwhile to briefl y mention some salient characteristics of a Web site and its development. Although Web sites share several common characteristics with traditional information systems, a Web site also exhibits many unique characteristics, as summarized below [2, 9, 17, 48, 50, 61, 71] . The discussion that follows will explain why these characteristics are relevant for the present study.
First, the accessibility of a Web site by external visitors culminates in a diversity of users [61, 71] . Most Web sites are built to support various groups of users. Interestingly, a Web site may also be visited by unknown users that it was not intended to serve. For example, Albert, Goes, and Gupta found that a fi nancial corporation Web site originally developed to support borrowing customers was visited by a group of users-intermediaries-not identifi ed at the initial development [2] .
Second, technologies are rapidly changing to cope with the competitive Web environment [48, 50] . New types of network, software, and hardware technologies keep advancing in order to fulfi ll the increasing traffi c. These cutting-edge technologies enable fi rms to offer new kinds of services on their Web sites that current Internet users have never imagined.
These characteristics lead Web site development and improvement to involve a greater degree of domain uncertainty and requirement volatility than traditional information systems [48, 71] . Most previous methodologies misleadingly assumed that Web site users can understand the nature of Web sites and easily describe their requirements. However, user understanding of Web sites and their underlying technologies is quite poor, so the Web site requirements are usually defi ned ambiguously. It is diffi cult to elicit the requirements of every possible user, and even worse, the more diverse the users, the more considerably their needs vary. While some user requirements can be elicited by means of on-line surveys, focus group interviews, e-mail messages sent by users to Web site administrators, and comments posted on built-in boards [43, 71] , it is very complicated to determine users' real and specifi c needs. Consequently, as the project proceeds, the gap between users' expectations and development outcomes is broadened. The range of requirements changes frequently and expands substantially; the phenomenon of "requirements creep" may occur [8] .
Benchmarking is a useful alternative to alleviate the aforementioned problems. In his masterpiece, The Art of War, Sun Tzu, a general in ancient China, contended that "if you know both your enemy and yourself, you can win hundreds of battles" [69] . This phrase clearly implies the importance of benchmarking for achieving competitive advantage in today's fi erce business environment. The literature defi nes benchmarking as "the search for the best industry practice which will lead to exceptional performance through the implementation of these best practices" [14] . Accordingly, benchmarking has been widely adopted in a broad range of fi elds, such as strategic management, process and quality improvement, new product development, and information system development [15, 25, 30, 36, 42, 55, 56, 62, 64, 68, 73] .
An example will illustrate the usefulness of this approach. Suppose that a user of an e-commerce Web site wants to be informed of the current status of his or her order in detail. How can this vague requirement be fulfi lled? The existing Web site provides order-status information with fi ve types of message: "order accepted," "payment completed," "searching inventory," "packing," and "delivering." There would be little improvement in the existing Web site if the developer only scrutinized the current Web site to determine improvement requirements. However, the benchmarking of competitors' more popular Web sites, such as Amazon.com, with a greater number of visits and bigger sales, may show that they give many other types of delivery-status messages to customers through e-mail or short mobile messages as soon as the delivery gets started. These superior features need to be speedily adopted in the improvement of the existing Web site. The benchmarking approach would be impossible if the competitor's Web site were not accessible.
To be clear, Web site benchmarking is defi ned as an activity to compare one's current Web site with other, superior Web sites, identify their strengths and weaknesses, and determine improvement requirements. The emphasis is on four key roles of Web site benchmarking. First, it makes it possible to fi nd sources for improvement and new ways of doing things beyond one's own organization [4] . Second, benchmarking can help concretize customer requirements [48, 71] . Third, benchmarking can break from the inspective approach, which circumscribes the boundary of improvement [65] . Last, knowledge and practices accumulated through a series of benchmarking activities will be of value in constructing and managing current and future Web sites [11] .
In summary, the primary goal of the present study is to provide Web site developers with a fl exible, cost-effective methodology for requirement analysis. Flexibility implies that the proposed methodology, which focuses on requirement analysis, should be seamlessly incorporated into any other methodologies encompassing the entire development process. From the perspective of cost-effectiveness, the proposed methodology attempts to reduce the time spent in requirement analysis. This analysis is known to be time-consuming because of requirement volatility and diversity of users.
Methodology
The proposed benchmarking methodology for Web site improvement will now be introduced. An explanation of its overall architecture will be followed by a detailed step-by-step description of each phase. Figure 1 illustrates the overall architecture of the methodology. The objective is not to propose a methodology that delineates all the details underlying Web site improvement. Instead, the methodology highlights major features that can cover a large portion of improvement activities. The shaded area illustrates where the methodology is located within the overall improvement process. Problems inherent in the current Web site trigger improvement. The methodology is employed to elicit, analyze, and specify requirements based on requirement-engineering techniques [33, 38] . Generated requirements are fed into the subsequent design and implementation.
Methodology Overview
The elicitation phase identifi es actors (i.e., groups of users) interacting with the Web site in order to fulfi ll their needs [19] . Their needs are described with a goal that refers to a high-level objective of their interactions with the Web site [5] . In this phase, target Web sites in the improvement process are chosen. The appropriateness of actors' goals and selected targets are assessed in the preliminary analysis. The result of this preliminary analysis becomes a feedback to previous stages, such as goal identifi cation and benchmarking target selection.
Figure 1. Methodology Architecture
Next, the analysis phase examines the current and target Web sites to produce both functional and nonfunctional requirements. Use cases are adopted for the analysis because they offer systematic means for capturing functional requirements and enable the methodology to correspond with various objectoriented software development artifacts [10, 35] . Nonfunctional requirements that describe how well the system implements the proposed functionalities are also of great importance [18] . The resulting use cases are synthesized to form the fi nal list of requirements for the improved Web site.
The specifi cation phase summarizes the fi nal requirements in the form of the use case specifi cation cards suggested by Díaz et al. and by Cockburn [19, 23] . The resulting specifi cation details become the input into the subsequent design and implementation details. Figure 2 exhibits the relationships between methodology outputs. Actors and their goals are identifi ed in the elicitation phase. Goals can be considered in selecting target Web sites. In the analysis phase, use cases are analyzed from each Web site on the basis of goals and then are synthesized to build a fi nal list of use cases for improving Web sites. Current and target Web sites are investigated again in the usability analysis stage in terms of use case in order to generate usability-evaluation tables. In the specifi cation phase, the use case lists and usability-evaluation tables are integrated and transformed into use case specifi cation cards with usability requirements that are subsequently supplied for implementation of improvement.
Problem Recognition
The improvement of a Web site is triggered by recognizing problems in its current design. In particular, the improvement needs to begin when visitors express dissatisfaction or the number of visitors declines. A substantial decrease in the number of visitors is the clearest indicator of user inconvenience and dissatisfaction.
Discontent can also be recognized by examining complaints sent to Web site administrators or posted on built-in message boards when functions or information on the existing Web site are outdated or obsolete. For example, if the company has to sell a range of new products and stops producing some goods, its Web site must refl ect such changes immediately.
Similarly, action is necessary when the interface of the current Web site becomes less usable and looks less attractive. No matter how good-looking and eye-catching a Web site is, its interface needs to be renovated so that it can attract more visitors at a certain point.
Actor Identifi cation
This stage identifi es the actors who represent groups of users. Actor also refers to those who initiate and keep the direct interaction with a Web site to seek to fulfi ll their needs [19] . The actors may include current customers, potential customers, suppliers, and Web site administrators.
Goal Identifi cation
At this stage, the goals are elicited. A goal can be elicited in various ways, such as brainstorming by Web site developers, surveys, or interviews with users.
Goals should be specifi ed with an active verb form like "to retrieve up-to-date product information from the Web site." In addition, goals are prioritized. Due to limited resources and budget, some of the goals identifi ed at this stage may not be implemented. Therefore, the goals that are most important and urgent for improvement need to be prioritized. The priority can be determined with such criteria as-
• The importance of the actors related to the goal.
• The actors' perception of the signifi cance of the goal. If the actors think a specifi c goal is more important, more affi rmation should be given to that goal. • The company's strategic considerations. For example, a Web site developer might assign greater priority to a goal related to customer support because the company has a strategic need to improve customer support capability over the Internet.
• The gap in supporting goals between the current and target Web sites. If competitors' Web sites support a certain goal more fully with advanced functions and features, the Web site may need to be improved to an extent that it can surpass them. [3, 53] . Therefore, ranking information can help select benchmarking targets in an instant manner and facilitate rapid improvement to the current Web site. Second, how many target Web sites should be chosen? The proper number of benchmarking targets may rely on the characteristics and scope of Web sites as well as the project's assigned budget and planned duration. The choice involves a trade-off between effi ciency and effectiveness. Some studies recommend reducing the number for effi ciency, while others advocate choosing as many targets as possible for effectiveness [14, 66] . Practically, more than 10 target Web sites increases the complexity, but choosing fewer than two targets would limit its usefulness.
Figure 2. Mapping Relationships Among Methodology Outputs

Benchmarking Target Selection
Finally, should benchmarking targets be selected within an industry or across industries? Freytag and Hollensen implied that each approach has pros and cons. Benchmarking across industries can give new inspirations, but it may be diffi cult to transfer practices across industries [27] . However, Vorhies and Morgan empirically demonstrate that cross-industry selection may outweigh within-industry selection [66] . It is suggested here that the goals identifi ed in the prior stage should be considered in selecting benchmarking targets. In other words, target Web sites that are well known to support a certain goal can be selected regardless of the industry. For example, a developer of an online retail Web site who fi nds the goal "to search product information," and seeks to improve the current Web site in terms of this goal, can select other on-line retail Web sites as well as search portals or library Web sites that are well known to equip superb information-search capabilities.
Preliminary Analysis
Before further detailed analyses, it should be checked whether the goals are suffi ciently identifi ed and the selected benchmarking targets are adequate. Goals are identifi ed and benchmarking targets are chosen again (1) to discover unidentifi ed goals not captured in the goal identifi cation stage but found to be implemented in the targets; (2) to measure the gap in supporting goals among the current and target Web sites so that the goals with large gaps can be given greater priority; and (3) to eliminate target Web sites found to inadequately support the goals.
Use Case Analysis
This stage generates use cases in light of the goals. Use cases that support each goal are elicited from each of the current and target Web sites. The following three rules can be employed for this generation:
• Rule 1 (Corresponding): Each item in a menu or site-map can correspond to one use case. A use case is named in the form of an active verb [46] ; i.e., its name has one verb (action) and one object (target) (e.g., "Register a member," "Order a product").
• Rule 2 (Splitting): If one item in a menu or site-map contains multiple actions or targets, one use case is split into multiple cases.
• Rule 3 (Coalescing): If too many use cases are generated, they may be combined into one according to the following guidelines:
a. Combine use cases whose actions and targets are similar. b. Merge use cases that describe trivial or incidental actions. c. Inheritance, included, or extended relationships can be used [10] .
For example, the use cases "Insert the schedule," "Update the schedule," and "Delete the schedule" can be merged into one use case, "Manage the schedule."
As a result, a use case analysis matrix is generated (see Table 1 ). This matrix illustrates which use cases are derived from the current and target Web sites for a certain goal and how each of the Web sites supports the use cases. A detailed explanation of this table is provided in the following section with an example.
Use Case Synthesis
From the synthesis of the use case analysis results, a complete use case list of the improving Web site is generated. The feasibility, implementation cost, and applicability of each use case should be considered, so that infeasible, inapplicable, or expensive use cases can be excluded. New use cases not found on other Web sites but newly created by Web site administrators may be included.
While the fi nal use case list is being generated, the source Web sites from which the use cases are adopted may be indicated for reference in the following stages, as shown in the second column of Table 2 . Here, Web site developers can discover how such use cases are actually constructed on the target Web sites.
Usability Analysis
The current and target Web sites are analyzed from the perspective of usability to judge how well the Web sites have implemented the use cases. Usability, defi ned as the extent to which a product can be used to achieve specifi ed goals Note: The fi lled and unfi lled circles are explained in the text, Use Case Analysis.
with effectiveness, effi ciency, and satisfaction within a particular context of use, is one of the most signifi cant types of nonfunctional requirement [1, 37] . A variety of usability-evaluation guidelines or Web site quality criteria are available in the literature [6, 13, 22, 24, 47, 74] . Web site developers can adopt any appropriate usability guidelines.
Use Case Specifi cation
This stage produces use case specifi cation cards that contain detailed descriptions of use cases and interactions between a Web site and actors (see Table 3 ). This description is based on the use case specifi cation guidelines suggested by Díaz et al. [23, fi g. 12] and by Cockburn [19] . The features specifi ed as strengths in the "Usability Evaluation Table" (see Table 4 ) and those that address weaknesses of the current and target Web sites constitute "usability requirements," which in turn are appended with use case specifi cation cards. This standard guideline for use case specifi cation enables improvement requirements to be seamlessly incorporated into an improved Web site in the subsequent design and implementation stages. Clearly, this feature promotes the fl exibility of the proposed methodology.
An Application
In order to demonstrate the applicability of the methodology, this section illustrates a real-life case of an investor relations (IR) Web site. Table 4 . Usability Evaluation Table. Note: The fi lled and unfi lled circles are explained in the text, Usability Analysis.
A Case
H Telecom Company is the second-largest telephone and broadband Internet service provider in Korea. It has been listed on KOSDAQ (one of the two major stock exchange markets in Korea) since 1998 and on NASDAQ since 2000. Its business areas include local and international telephone service, broadband Internet services for corporations and individuals, and other telecommunication services.
The emphasis in the present discussion is on the IR Web site of H Telecom Company. IR can be defi ned as a strategic management responsibility for better communication between a company, fi nancial community, and other constituencies [52] . As the Internet has had a great impact on all areas of corporate management, it has also infl uenced many aspects of IR [12, 21, 31] . The Internet facilitates access to IR materials for a large number of individual investors, who can now use them to gain access to fi nancial statements, fact sheets, or interim reports that in the past were only available to institutional investors [12] . Furthermore, the Internet enables interactive communication of corporate information between a fi rm and investors, and thus leads to timely provision of fi nancial information [70] .
Although the IR section of H Telecom is currently located as one section on the offi cial Web site (see Figure 3) , H Telecom has overlooked its increasing importance on the Internet. As has been frequently pointed out, H Telecom's current Web site facilitates few interactions between investors and IR staff. In order to improve its IR Web site, H Telecom has decided to undertake a renewal project. 
Elicitation Phase
Actor Identifi cation
Goal Identifi cation
In order to elicit the goals of the IR Web site, brief interviews were conducted with some individual investors. However, it was not possible in this way to acquire suffi cient information to identify their goals, due to their lack of understanding of investor relations. Therefore, the goals were generated from the IR literature review as follows:
• Next, the goals are prioritized to determine which of them are urgent and signifi cant. These priorities were determined through a quantitative survey. An on-line survey was conducted for investors who had experience purchasing or selling stock via the Web site at least more than once (see Table 5 ). The priorities were computed by the Analytic Hierarchy Process (AHP) [59] . Respondents were asked to conduct pair-wise comparisons between the six goals. Specifi cally, they were provided with 15 questions to compare all six goals (see Table 6 ). For a better understanding of IR and related Web sites, the defi nition of IR was briefl y introduced and hyperlinks to some IR Web sites were displayed, including that of H Telecom on the fi rst page of the survey. In order to alleviate bias due to the sequence in which the goals were displayed, the sequence was randomized.
Data were collected from 24 respondents. Survey responses were analyzed by Expert Choice software. Table 6 summarizes the result (C.I. = 0.03; C.R. = 0.024). 1 The investors who participated in the survey valued the second goal most highly.
Benchmarking Target Selection
Target Web sites were benchmarked with reference to IR Global Ranking 2005 (www.irglobalrankings.com), a survey conducted by MZ Consult, a consultancy specializing in IR and fi nancial communication [51] . The survey assessed 426 IR Web sites across 42 countries and 13 industries according to its own criteria, including content, technology, interactivity, design, timeliness, and fl exibility. Six benchmarking targets were selected from this ranking, as shown in Table 7 .
Variable
I tem Count
The selection for the study includes two IR Web sites of H Telecom's competitors in the Korean telecommunication market, three IR Web sites that were nominated for best IR Web site in the telecommunication industry, and three other sites that were nominated for best Web site in other industries. It was hoped that selecting target Web sites from diverse industries would make it possible to absorb a variety of best practices and outstanding features.
The boundary of the investigation should be mentioned. Some IR Web sites (e.g., Bayer, Verizon, and Unibanco) are constructed separately with distinct URLs, while others (e.g., KT, BCE, and GE) designate one section of their offi cial Web sites as "Investor Relations" or "Investor Communications." In the latter cases, the study dealt only with the sections related to investor relations.
Preliminary Analysis
The preliminary analysis in this project employed content analysis [41, 67] . This approach has been adopted by a broad range of social science disciplines, such as communications, psychology, and political science, to analyze a large amount of content and media [67] . Since the inception of the Internet, content analysis has also been used in a number of other studies of Web sites [12, 21, 28, 31] .
The objective of the present content analysis was to assess how well the current and target Web sites embraced the goals and whether targets had been selected appropriately. The analysis began by identifying the list of content categories related to the goals from the review of IR literature. The site-maps of the current and target Web sites (see Figure 4) and the goal descriptions presented earlier were used. Second, from the current and target Web sites, the number of pages that contain relevant content were counted and coded. Specifi cally, pages that contained keywords in each item (as shown in Appendix 1) were found from site-maps, page titles, navigation bars, and meta-tags. For example, for an item of "Stock price chart and analysis," such keywords as "chart," "graph," "trend," and "analysis" were used to fi nd relevant pages. To obtain information about business performance and fi nancial 0.14 indicators 4
To fi nd corporate background information 0.14 5
To obtain IR event information 0. 15 6 To communicate with IR staff on-line 0.16 Table 6 . Goal List. refl ect the true superiority or defi ciency of target Web sites and the content analysis was somewhat subjective and arbitrary, the objective of this analysis was not to meticulously or statistically evaluate the current and target Web sites for a statistical analysis but to roughly measure the gap between the current and target Web sites in a speedy manner and use it to determine the goals' priority. The gap in Table 8 can be calculated as follows: Gap = (Maximum point among target Web sites-Point of H Telecom)/(Maximum point). For example, the maximum point for Goal 4 was 28 from Unibanco and the point of H Telecom was 7, so that the gap for Goal 4 became (28 -7)/28 = 0.75.
With these gap measures, the goal priorities were recalculated, because a larger gap for a certain goal indicates much opportunity and necessity to improve that goal. By employing the priority computed from the survey (PT in Table 6 ) and the gap calculated in this analysis (Gap in Table 8 ), the priorities can be adjusted (e.g., PT_Adj = PT × Gap) as displayed in Table 9 . For example, PT and Gap for Goal 4 are, respectively, 0.14 (see Table 6 ) and 0.75 (see Table 8 ). The fi nal priority for this goal becomes 0.14 × 0.74 = 0.105 (rounded from the third decimal place in Table 9 ). Note that both PT_Adj and PT range from 0 to 1.
During this preliminary analysis, it was noted that one important goal had been missed: corporation social responsibility (CSR). According to Hockerts and Moir, CSR helps companies integrate social and environmental concerns in their business operations and interactions with their stakeholders on a voluntary basis [34] . A majority of the target Web sites, including those of Bayer, General Electric, BCE, Telekom Austria, and Unibanco, were found to be providing a great deal of information on their social responsibility activities. Therefore, a new goal was included, "To view information on social responsibility activities." Table 9 presents the updated list of goals.
Analysis Phase
Use Case Analysis
With the rules (Corresponding, Splitting, and Coalescing) explained earlier, a complete list of use cases is produced and use case diagrams are drawn from each of the current and target Web sites. For the sake of clear presentation, this study focuses on Goal 2, whose priority was identifi ed to be highest among the six goals found in the goal identifi cation stage. First, three use cases were generated from H Telecom's current Web site. For Goal 2, the Web site has only one page with the title of "Stock Price" (see Figure 5) . It displays the current stock price, the stock price chart for the past fi ve months, and the daily stock price trend. Accordingly, we were able to draw a use case diagram that contained three use cases, "Get real-time stock price," "View historical stock price," and "Analyze the trend of stock price" (see Figure 6) .
Next, use cases were produced from the eight target Web sites. Here, the use case generation from two target Web sites is explained. Figure 4 shows the site-map of SK Telecom's IR Web site. Use cases for Goal 2 were generated from the "Stock Information" section of the site-map. According to Rule 1, 12 use cases were found, each of which corresponded to a page in "Stock Information." However, following Rule 3 (Coalescing), some use cases were combined as follows: To get a great deal of information about business performance and 0.10 fi nancial indicators 4
To fi nd corporate background information 0.11 5
To obtain IR event information and accompanying data 0. 15 6 To communicate with IR staff on-line 0. 15 7 To view introduction on social responsibility activities N/A Table 9 . Updated Goal List. Figure 8) .
The use case analysis matrix for Goal 2 was drawn based on these use cases (see Table 1 ). It shows the correspondence between the Web sites and the use cases. A fi lled circle ( ) indicates a full match, while an unfi lled circle ( ) shows a partial match, implying that the Web site implements a certain use case with fewer functionalities compared to other Web sites.
Use Case Synthesis
This stage may exclude use cases that are infeasible, inapplicable, or too expensive to implement. In contrast, it may include use cases not found on other Web sites but newly created by the Web site developers.
Two additional use cases were suggested by the development team-"Receive stock price alert message to mobile phone" and "Execute stock transaction." In the "Stock Price Alert" page of Unibanco's Web site, when a user inputs his or her e-mail address and alert conditions (price, change, or volume), the Web site automatically sends an e-mail message containing the current stock price according to conditions set by the user. Developing this function further, one of the development team members suggested the use case "Receive stock price alert message to mobile phone," which would enable users to receive stock price alerts on their mobile phones. The other new use case, "Execute stock transaction," was proposed to make it possible for investors to purchase or sell their own stock on the H Telecom Web site. However, this use case was excluded because implementing it would have required a sophisticated module between the Web site and external systems, and would thereby have led to a signifi cant cost increase beyond the project budget. Table 2 illustrates the fi nal use case list. From the synthesis of use cases, it was possible to identify a number of innovative functions that supported Goal 2 from the target Web sites. For instance, the stock price chart on the current H Telecom Web site is very simple and static. On the other hand, target Web sites such as those of SK Telecom and Telekom Austria, display a broad range of stock price trends, such as daily, weekly, monthly, and quarterly trends. Furthermore, users can select and change chart formats (line, high-low, candlestick). On the IR Web site of KT, the stock price chart shows the trends of various market indices as well as those of competi- tors' stock, so that investors can straightforwardly evaluate the performance and profi tability of KT stock (see Figure 9 ). On the "Investment Calculator" page of Telekom Austria Web site, if an investor enters the day and quantity of Telekom Austria stock purchased, then the current stock price, the ratio of change, and the amount of loss or gain are computed, helping the investor to easily calculate the profi tability of his or her investment (see Figure 10) . A similar service can be found on the Bayer and Unibanco Web sites. These features might have been diffi cult to identify without benchmarking of target Web sites and will be of a great help in improving the current Web site. 
Usability Analysis
The study followed the detailed, general-purpose checklist for usability suggested by Brinck, Gergle, and Wood [13, p. 412] . Their checklist covers nine areas of usability, including architecture and navigation, layout and design, content, and forms and interaction. Each area contains multiple questions to uncover the strengths and problems of a focal Web site-for example, "Are navigation bar choices logically ordered?" This guideline is fairly comprehensive and easily customized to a specifi c type of Web site [13] .
Some of the usability analysis results are summarized in Table 4 . The pages related to the use case "Analyze the trend of stock price" at the current and target Web sites were examined. A fi lled circle ( ) highlights the strengths in usability, while an unfi lled circle ( ) indicates the weaknesses.
For an example of weaknesses, the usability analysis revealed that the small size of the stock price charts in the BCE and Bayer Web sites makes it very diffi cult for users to view the trend of the stock price. When improving the H Telecom Web site, designers may consider the suitable size of the graph. An instance of strengths is that the BCE Web site displays "Font size," "Print," and "Send" buttons at the top each page that enable users to enlarge or reduce the text size, print the page, or send the content via e-mail (see Figure 11) . The Bayer Web site shows another example of strengths (see Figure 12) . If a user sets a mouse icon over the stock price chart, the chart displays the date and closing price at the top, so that the user can discover exact historical stock prices. These features can be adopted in the following implementation. Table 3 shows the specifi cation card of the use case "Analyze the trend of stock price." This card contains the primary actor, a brief description of the use case, pre-and post-conditions, scenario descriptions [23] , data and technology variations [19, p. 111] , and usability requirements derived from usability-evaluation tables.
Specifi cation Phase and Implementation
Based on these improvement requirements, a new H Telecom Web site has been implemented. Figure 13 presents a snapshot of the stock price analysis page on the new Web site.
Summary
The benchmarking methodology for the H Telecom IR Web site captured a number of valuable improvement requirements. For example, Figure 5 and Table 1 show that the existing Web site supported the goal of providing realtime stock price information (Goal 2) with very limited functionalities and no interactive features. The analysis of the eight target Web sites (see Table 7 ) revealed advanced functionalities and features that did not exist in the current Web site and could have been overlooked without benchmarking. The benchmarking approach revealed 10 use cases (see Table 2 ). For the other three use cases, the current Web site was partially supported.
The analysis found additional features for improving functionality as well as usability (see Tables 3 and 4 ). While users of the current H Telecom Web site cannot change the stock price chart in the current stock information page and have nothing to see but one static stock price graph, careful examination and comparison of the target Web sites generated a variety of functional as well as nonfunctional requirements.
In order to assess the effectiveness of the improvement project, an on-line survey was conducted with 33 individual stock investors who were primary users of the Web site. They were shown the pages of the former and new Web sites (see Figures 5 and 13 ) and then asked four questions about Web site effectiveness (see Table 10 ). A seven-point Likert scale was used (1 = not agree, 4 = neutral, 7 = totally agree). Table 10 summarizes the results of this survey. The mean values of all four questions are signifi cantly higher than 4 (p < 0.05), revealing that the respondents positively valued the improvement. 
Methodology Comparison
The discussion in this section compares the proposed methodology with eight other methodologies (see Table 11 ). These include not only methodologies for requirement analysis [9, 16, 71] , but also those for the entire development process [2, 43, 44, 60, 61] . Among them, Spiliopoulous and Pohle's methodology, the Internet Commerce Development Methodology (ICDM), the Scenario-Based Notes: BPR = business process reengineering, NFR = nonfunctional requirements, N/A = not applicable.
Object-Oriented Methodology (SOHDM), and GIST (Gather-Infer-SegmentTrack) explicitly focus on the issue of Web site improvement [2, 43, 60, 61] . The Workfl ow-Based Hypermedia Development Methodology (WHDM) analyzes workfl ows and related documents that refl ect existing business operations, while SOHDM analyzes customers and their value activities [43, 44] . Their outputs include workfl ow domain diagrams, content analysis cards, customer need analysis tables, and value activity diagrams. These two studies are noteworthy in that both provide holistic and seamless approaches for developing and improving Web sites. It can be argued, however, that these methodologies are infl exible and diffi cult to incorporate with other methodologies already used by Web site developers. On the other hand, by adopting a use case as an analysis and specifi cation tool, the present methodology can be fl exibly integrated with other object-oriented-based methodologies.
Standing proposes ICDM as a framework for e-commerce development in view of business environment and strategy [61] . This research has the two key features of employing the consideration of business environment and strategy in developing Web sites and of guiding subsequent development strategies according to the results of strategic analysis. In addition, ICDM's perspective of evolutionary development corresponds with the theme of the present research in the improvement of Web sites. However, this study only presents a modicum of high-level guidelines for strategic consideration in Web site development and fails to suggest detailed steps and guidelines for eliciting and clarifying specifi c requirements. On the other hand, the present methodology offers concrete steps for improvement requirement generation, including elicitation, analysis, and specifi cation, enabling Web site developers to build superior Web sites in a systematic way.
Yang and Tang suggest a three-stage model in which initial user requirements are elicited from a small number of users in a pilot setting and fi nalized for general users [71] . Their study too has limitations in that it focuses only on requirement elicitation activities and does not present a specifi c application example, which is crucial in showing the methodology's feasibility and effectiveness.
Spiliopoulous and Pohle have in common with GIST that they pursue Web site improvement by (1) analyzing log fi les of Web servers to discover visitors' behavioral patterns on the Web site and (2) resolving the discrepancies between intended behavioral patterns and actual ones [2, 60] . These analyses lead to the discovery of new segments of users not identifi ed in prior development, contributing to improvement of the Web site's structure. The incorporation of data-mining techniques with improving Web sites is certainly worthwhile. It requires, however, a large fi nancial outlay for hardware to collect Web site log fi les and software to analyze log fi les, thereby limiting the practicability of these methodologies. On the other hand, the present research suggests a methodology based on benchmarking that in practice has been proven to be an effective way to achieve improvement at little cost.
Both Castro, Kolp, and Mylopoulos's Tropos and Bolchini and Paolini's AWARE (Analysis of Web Application REquirements) are both based on the i* framework, a goal-driven requirement analysis approach [9, 16, 72] . This framework derives system requirements from the dependencies in actors, goals, tasks, and resources. Graphical representation of these relationships provides developers with an intuitive way of analyzing requirements. Both the integration of generated requirements with UML design techniques demonstrated in Tropos and the requirement taxonomy consisting of eight dimensions shown in AWARE are of value. Tropos and AWARE deal explicitly with nonfunctional requirements. While the present methodology and AWARE deal only with usability, Tropos considers a broader range of nonfunctional requirements, including security, availability, and adaptability.
This comparison demonstrates the feasibility and superiority of the present methodology. Whereas Standing and similarly Yang and Tang fail to suggest detailed steps, the methodology proposed here provides a robust way of capturing and analyzing improvement requirements [61, 71] . This methodology adopts use case and usability, both of which are familiar and easy to understand for developers. The data-mining techniques employed by Spiliopoulous and Pohle and by Albert et al. require a great deal of hardware and software to analyze log fi les, but benchmarking does not [2, 60] . Thus the proposed methodology is superior in terms of cost-effectiveness, one of the performance objectives it was intended to achieve. Developers can use the methodology to improve their Web sites in a fl exible fashion. Unlike SOHDM and WHDM, the outcomes-use cases and usability requirements-can be integrated seamlessly with those from other methodologies [43, 44] . The employment of use cases and usability requirements for requirement specifi cation facilitates the fl exibility of the methodology. Many comparison methodologies only consider functional requirements, but the proposed methodology does not neglect the analysis of nonfunctional requirements.
Conclusion
Contribution
The labyrinth can be taken as a metaphor for what confronts managers in the endeavor to improve a Web site. It conveys the idea of a complex process toward a better Web site but one worth striving for. The proposed methodology is more likely to imply that this goal is attainable.
The work described in this paper can be validated from the seven perspectives of design-science research guidelines suggested by Hevner et al. [32] . These guidelines provide a general framework to guide information systems (IS) researchers and practitioners in conducting, evaluating, and presenting design science research.
Design as an Artifact
Many sensible strategies fail to drive actions because managers craft them in general language. This can be remedied by the use of artifacts that consist of constructs, models, methods, and instantiations [32] . For such artifacts, this research has provided both a requirement-analysis methodology for improving Web sites (methods) and a real-life case (instantiations). The seamless stages of this methodology, from actor identifi cation to use case specifi cation, comprise the main artifact of the present study. In addition, benchmarking target lists, use case analysis matrices, and usability-evaluation tables can be regarded as IT artifacts that this study has developed.
Problem Relevance
The business problem with which the present research is primarily concerned is how to improve an existing Web site so that it will attract more visitors and contribute to business success in the competitive, dynamic Web environment, a signifi cant issue faced by a majority of contemporary companies. The study provides a helpful alternative to meet this challenge. The proposed methodology also addresses another important business problem, how to conduct benchmarking in Web site improvement, which has been commonly adopted in actual projects but was rarely dealt with in previous studies. Benchmarking is of great use in overcoming the two diffi cult problems of user domain uncertainty and requirement volatility.
Design Evaluation
The real-life case of an IR Web site demonstrated the applicability and feasibility of the proposed methodology, and the comparison with other methodologies for Web site development showed its excellence. The analysis in this paper found that the current Web site of H Telecom offered its visitors very few functionalities and little interactivity compared to the target Web sites (see Tables 1 and 4, Figure 5) . A thorough application of the methodology identifi ed a number of novel features that could hardly have been made without the benchmarking approach (see Figures 9-12) . Finally, the analysis generated a large set of valuable improvement requirements for H Telecom's IR Web site (see Tables 3  and 9 ). The effectiveness of the methodology was also assessed by the on-line survey, which highlighted that investors considered the new Web site to be signifi cantly improved. In addition, the methodology comparison showed that the methodology provides Web site developers with more concrete, detailed steps and guidance than other methodologies so that they can accomplish more fl exible and cost-effi cient Web site improvement (see Table 11 ).
Research Contributions
Although benchmarking has been studied in a wide variety of academic fi elds, most IS studies have not taken it into serious consideration. So far as can be determined, this study is the fi rst to adopt benchmarking in IS improvement. While improving Web sites has become a critical issue, most previous studies focused on the initial development of a Web site. Thus, the major contribution of this study to IS research is an innovative methodology that addresses both the improvement and benchmarking of Web sites. It is expected that it will trigger enthusiastic IS research on these two issues.
Research Rigor
The detailed analysis methods presented in this paper are deeply rooted in the prior literature on benchmarking, requirement engineering, usability, and object-oriented system development techniques as well as investor relations [33, 38, 40] . The distinction of elicitation, analysis, and specifi cation in the methodology corresponds with a number of prior studies on requirement analysis [33, 38, 40] . The goal-driven requirement-analysis approach is considered in the literature on requirement engineering to be an effective, intuitive way of fi nding users' high-level objectives for a system [38] . The division between functional and nonfunctional requirements in the methodology and the adoption of use case for capturing functional requirements also reveal the rigor of the research [18, 35] .
Design as a Search Process
The methodology facilitates an iterative search process. For example, it includes a feedback from the preliminary analysis stage to the goal identifi cation and benchmarking target-selection stages. The preliminary analysis assesses the appropriateness and adequacy of goals and target Web sites. Therefore, this feedback can lead to effective and systematic Web site improvement.
Communication of Research
This paper has clear implications from the managerial and technical perspectives. Not only does it provide the technical audience (Web site developers) with a set of readily applicable solutions, but it also enlightens the managerial audience (Web site administrators) on the signifi cance of continuous Web site improvement.
Limitations and Future Research
The methodology presented here will be the gateway between today's scattered innovative ideas and tomorrow's world of uniformly reusable artifacts. However, several areas remain for further investigation. First, the methodology is still descriptive. The use cases and usability requirements are analyzed on a textual basis. More parsimonious notations, models, and constructs would be of interest. The current methods for target selection and priority computing need to be sharpened.
Second, one limitation of benchmarking is "copy-catting"-in other words, it can hinder creativity and may be detrimental in the long run [11] . Adhering to benchmarking in isolation may improve Web sites marginally. To be sure, further openness would be the answer. The corporation may need to foster special teams to inject novelty and variety.
Third, the current methodology investigates the front-end aspects of Web sites that are accessible to external users. It is a complicated task to delve into internal infrastructures, such as hardware, network-administration facilities, and internal enterprise systems. This would require a cooperative benchmarking method [11] . 
